In this letter, we report the discovery of 24 new super Li-rich (A(Li) ≥ 3.2) giants of He-core burning phase at red clump region. Results are based on systematic search of a large sample of about 12,500 giants common to the LAMOST spectroscopic and Kepler time resolved photometric surveys. The two key parameters derived from Kepler data; average period spacing (∆p) between l = 1 mixed gravity dominated g-modes and average large frequency separation (∆ν) l = 0 acoustic p-modes, suggest all the Li-rich giants are in He-core burning phase. This is the first unbiased survey subjected to a robust technique of asteroseismic analysis to unambiguously determine evolutionary phase of Li-rich giants. The results provide a strong evidence that Li enhancement phenomenon is associated with giants of Hecore burning phase, post He-flash, rather than any other phase on RGB with inert He-core surrounded by H-burning shell.
1. INTRODUCTION It is firmly established that Li-rich giants do exist, though not very common, about 1%, among red giants. Thanks to recent large surveys such as LAMOST (Cui et al. 2012 ) and GALAH (De Silva et al. 2015) there are now a few hundred Li-rich giants which have Li abundance of A(Li) ≥ 1.5 dex 1 , a commonly adopted upper limit for normal giants of red giant branch (RGB; Iben 1967) . For example, recent large study by Deepak & Reddy (2019) discovered more than 300 Li-rich giants from GALAH spectroscopic survey doubling the number of Li-rich giants known till then since their first discovery by Wallerstein & Sneden (1982) . However, there is no consensus on the origin of Li excess in red giants which has been elusive for decades. This is because there is no clarity on their evolutionary phase, a key parameter for identifying the source of Li enhancement.
Presently, evolutionary phase of most of the Li-rich giants is based on their location in the T eff -L plane of Hertzsprung-Russell (HR) diagram. Such determination is fraught with ambiguity as uncertainties in derived stellar parameters arising from different methodologies by different studies are often larger than the differences in stellar parameters of T eff and L between different locations on HR diagram. As a result different studies suggested different phases for Li-rich giants: below the luminosity bump (e.g.; Casey et al. 2016) , at the bump (e.g.; Charbonnel & Balachandran 2000) , red clump (e.g.; Kumar et al. 2011; Silva Aguirre et al. 2014; Monaco et al. 2014; Singh et al. 2019 ) and any where along the RGB (e.g.; Lebzelter et al. 2012; Martell & Shetrone 2013) . These results led to suggestions of different scenarios for origin of Li excess in Red giants. For example, diffusion of Li upwards (in case of subgiants), some kind of extra-mixing associated with luminosity bump (e.g., Palacios et al. 2001) , nucleosynthesis and dredge-up during He-flash in case of red clump (Kumar et al. 2011) , and external scenario such as mergers of planet or sub-stellar objects for occurrence of Li-rich giants any where along the RGB (Lebzelter et al. 2012) . It is important to address the question whether Li-rich phenomenon is confined to a single evolutionary phase or to multiple phases on RGB. For this to be answered one would require independent method.
Asteroseismic analysis is one of the robust methods to separate giants ascending RGB with He-inert core from those with core He-burning red clump giants, post He-flash. One could make use of Kepler (Borucki et al. 2010 ) time resolved photometric data for this purpose. Unfortunately, none of the known Li-rich giants are in the Kepler fields barring a few recently reported ones. To date, there are only six Li-rich giants that were analyzed using Kepler and CoRoT asteroseismic data. With the exemption of one (Jofré et al. 2015) , all the five giants have been found to be He-core burning giants of red clump (Silva Aguirre et al. 2014; Carlberg et al. 2015; Bharat Kumar et al. 2018; Smiljanic et al. 2018) . It is necessary to conduct a large unbiased systematic survey of Li-rich giants which have asteroseismic data. In this letter, we show results from the survey based on large red giant sample stars of about 12,500 that are common among LAMOST spectroscopic and Kepler photometric surveys.
SAMPLE SELECTION
The primary purpose of this study is to accurately and unambiguously determine evolutionary phase of Li-rich giants. For this we adopted a sample giants that are common among Kepler (KIC; Mathur et al. 2017 ) and LAMOST spectroscopic catalogues. By applying criterion of log g ≤ 3.5 and T eff ≤ 5500 K for RGB giants, we found a sample of 23,000 giants in the Kepler Input Catalogue. Of which about 12,500 giants are found to be common in LAMOST catalogue of data release 4 (DR4) 2 . LAMOST is a low resolution (R = 1800) spectroscopic survey of stars covering wavelength range of 3700 -9000Å. Continuum fitted spectra have been inspected for the presence of Li resonance line at 6707Å and found 78 spectra with strong Li line. Common sample of giants among Kepler and LAMOST (blue dots) along with the entire sample from Kepler catalogue (Mathur et al. 2017) as background (black dots) are shown in Fig 1. Stars that show strong Li line at 6707Å are shown as red squares. Note that all of them are concentrated in a particular range of log g which coincides with positions of both red clump and luminosity bump in HR-diagram.
3. LITHIUM ABUNDANCE Spectra of Li-rich giants with strong Li resonance line at 6707Å are shown in Fig 2 along with the known Li-rich giant KIC 12645107 on the top and a normal Li giant at the bottom. For estimating Li abundance from low resolution spectra we used a method that was successfully demonstrated previously by Kumar et al. (2011) and Kumar et al. (2018) . This method involves measuring of Li line strength at 6707Å relative to an adjacent Ca I line at 6717Å, both are zero low excitation potential lines and show similar sensitivity to T eff . The derived ratios of Li 6707Å core strength to Ca 6717Å are plugged into correlations between Li abundance and line strength ratios derived by Kumar et al. (2018) . Since uncertainties are relatively higher, 0.3 -0.4 dex, sample has been restricted to only giants with very strong Li line or the estimated Li abundance A(Li) ≥ 3.0 dex. This is to avoid mistaking of normal giants with A(Li) ≤ 1.8 dex (Iben 1967) . We found 26 giants with A(Li) ≥ 3.0 dex and half a dozen have A(Li) ≥ 4.0 dex, about an order of magnitude more than the current ISM value (3.3 dex), and about a factor of 100 more than the the maximum predicted abundance of A(Li) = 1.8 dex (Iben 1967) . Estimated Li abundances along with [Fe/H], T eff and log g (stellar parameters from LAMOST DR4 catalogues) are given in Table 1 . Two of these have been recently reported as Li-rich giants (Bharat Kumar et al. 2018 ) based on high resolution spectra. Mean difference between the estimated A(Li) in this study and the literature values based on high resolution spectra is 0.2 dex, which agrees well within uncertainties.
4. ANALYSIS OF ASTEROSEISMIC DATA All the 26 Li-rich giants that are given in Table 1 have long cadence (29.4 min) of 10 to 17 quarters Kepler photometric data. It is known that red giants show oscillations of mixed modes of gravity (g-mode) arising from the central core and acoustics modes (p-modes) arising in the convective envelope (De Ridder et al. 2009; Beck et al. 2011) . In this work we have used lightkurve package (https://github.com/KeplerGO/lightkurve) for merging individual quarters into a combined light curve, and converting the combined light curve into power density spectrum (PDS) using Lomb-Scargle Fourier transform. In Fig 3a, PDS for one of the sample stars of KIC 11615224 from Table 1 is given in which solid line is the fitting for background. Background subtracted and smoothed PDS (Fig 3b) is used to identify modes and measuring their frequencies. There are two key parameters: frequency separation between two consecutive radial (l = 0) modes (∆ν) and period separation between two consecutive dipole (l = 1) modes (∆p) which are used to separate red giants of He-burning core of red clump and He-inert core of RGB . From the smoothed PDS radial modes l = 0, dipole modes (l = 1) and quadruple modes (l = 2) have been identified and the corresponding frequencies for 4-5 modes (l = 0) in each star's PDS are measured. Values of ∆ν are those for which modulo or remainder of ν/∆ν is same for the frequencies of respective measured mode. In Fig 3c, this has been illustrated for a typical giant, KIC 1165224. For its modes of l = 0, l = 2 and l = 1, we found a value of ∆ν = 4.01 µHz for which modulo is same for all the frequencies. The values of derived large frequency separation, ∆ν are given in Table 1 . After measuring frequency corresponding to detected dipole modes (l = 1, g-modes), we calculate the period of dipole modes and period spacing between the consecutive dipole modes which are given in Fig 3d. Median value of derived period spacing is considered as gravity mode period spacing of a star (Stello et al. 2013) . Derived values of ∆ν and ∆p, given in Table 1, suggest all the Li-rich giants are He-core burning red clump stars. Our analysis agrees well with the recent study done by Yu et al. (2018) . Average difference between ours and Yu et al. (2018) for ∆ν and ν max is 0.8 and 0.1 µHz respectively. Stellar parameters such as radius and mass have been derived using the seismic parameters and the calibrations are given by (Kjeldsen & Bedding 1995) . All the giants are low mass with M ≤ 2.0 M (Table 1) . Further, light curves show no indication of a major flaring activity which is in agreement with lack of visible asymmetry or emission profiles of H α in the spectra (Fig 2) indicating no significant stellar activity in the photospheres of the stars.
5. DISCUSSION This is the first of its kind survey based on a large unbiased sample survey of giants that are common among LAMOST spectroscopic and Kepler photometric surveys. Analysis yielded a total of 26 Li-rich giants. Abundance results along with the derived asteroseismic parameters; ∆ν and ∆p are given in Table 1 , and are shown in the plot of ∆p and ∆ν (Fig 4) . Known RC and RGB giants based on asteroseismic analysis form background. As shown in Figure 4 , all the Li-rich giants from this study show a large values of ∆p ≥ 150 sec and small values of ∆ν ≤ 5 µHz, and occupy the He-core burning phase region of ∆ν − ∆p diagram . Interestingly, none of the Li-rich giants found in this survey are on ascending RGB. Results imply Li enhancement phenomenon is most probably associated with He-flash at the tip of RGB or post He-flash rather than on RGB.
As earlier stated, there are only six Li-rich giants for which evolutionary phase is determined based on asteroseismology. All of them were discovered serendipitously. Of which five are unambiguously classified as giants of He-core burning phase in red clump region (Silva Aguirre et al. 2014; Carlberg et al. 2015; Bharat Kumar et al. 2018; Smiljanic et al. 2018 ) and one as RGB near the bump (Jofré et al. 2015) . The lone exception being the KIC 9821622 (Jofré et al. 2015) . Though this is a bonafide RGB star with inert He-core and H-burning shell (∆ν =6.07 µHz and ∆p = 67.6 sec) its categorization as Li-rich giant is not beyond doubt as the Li abundance (LTE: A(Li) = 1.49 dex and NLTE: 1.65 dex) measured from well defined and much stronger line at 6707Å is at the borderline. It is important to establish whether this particular star is indeed a Li-rich giant as it has serious implications for identifying source of Li enrichment in red giants. Of course, there are many Li-rich giants in literature which were reported as being on RGB based on their positions in the HR-diagram. This method found to be uncertain in determining exact evolutionary phase. For example, of the five asteroseismically known Li-rich RC giants, KIC 4937011 was initially reported as RGB star below the bump by Anthony-Twarog et al. (2013); Carlberg et al. (2015) based on its location in HR diagram. However, its derived asteroseismic parameters ∆ν = 4.15 µHz and ∆p = 249.9 sec (Vrard et al. 2016 ) firmly puts the giant in He-core burning phase. This illustrates the difficulty of determining their precise evolutionary phase. We also note another recent study by Yan et al. (2018) in which they reported TYC 429-2097-1 as the most Li-rich giant with A(Li) = 4.51 dex and located at the bump based on their location in HR-diagram. This star is not in the Kepler field. However, its derived ratio of [C/N] = −0.47±0.10 is more compatible with it being in red clump (Hawkins et al. 2016; Singh et al. 2019 ). In fact, Casey et al. (2016) made an important observation that although the stellar parameters of majority of Li-rich giants is consistent with being on RGB at or below the luminosity bump, they are each individually consistent with being RC. However, they couldn't conclude that they are indeed RC giants based on available data to them. Does this mean, a number of Li-rich giants that are reported to be on RGB based on L and T eff are misclassified? Results in this study seem to suggest this is a real possibility.
Due to ambiguity in their evolutionary phase, numerous models have been constructed to explain Li excess with prevailing conditions at each of the suggested multiple phases on RGB. Broadly, theoretical models fall into two categories: external and in-situ scenarios. One of the external scenarios is merger of planets or substellar objects such as brown dwarfs. This is invoked with the expectation that planet or brown dwarfs contain reservoir of primordial Li with little/no depletion, and their mergers will enhance star's photospheric Li abundance either by direct addition of Li reservoir to the photosphere or by induced mixing due to angular momentum transfer to the star or a combination of the both (see e.g.; Siess & Livio 1999; Casey et al. 2016 ). This scenario gained merit with the evidence that the large planets in close-in orbits among sub-giants are less frequent compared to their counter parts on main sequence stars (Villaver et al. 2014) .
However, to account for levels of Li seen in many of the super Li-rich giants, one would require merger of several Jupiter size planets having undiluted Li reservoir (Carlberg et al. 2012) . Merger of such large number of planets is very unlikely. Also, theoretical models put a maximum limit of Li abundance due to such mergers at A(Li) = 2.2 dex (Aguilera-Gómez et al. 2016) . Further, contrary to our results engulfment scenario suggests occurrence of Li-rich giants anywhere along the RGB and presence of infrared excess as a result of merger impact. Results support the argument by Deepak & Reddy (2019) against external scenario based on the frequency of Li-rich giants occurring at various phases. They show that disproportionately large number of Li-rich giants belong to red clump compared to any other phase on RGB.
Second scenario is in-situ origin which is Li production via Cameron & Fowler mechanism (Cameron & Fowler 1971) , 3 He(α, γ) 7 Be(e − , ν) 7 Li. In case of Li enhancement in the photospheres of highly evolved massiv (≥ 3 − 4M ) asymptotic giants branch (AGB) stars (Smith & Lambert 1989) this mechanism is expected to operate just below the convective envelope which is hot enough to produce 7 Be and close enough for 7 Be to get transported to cooler upper layers where it can form 7 Li. This process is known as Hot Bottom burning (HBB). In case of low mass RGB giants convection between the H-burning shell and the outer convective layers is inhibited by the radiative zone, and standard models (Iben 1967) do not predict changes in abundances post 1st dredge-up. However, observations of giants post 1st dredge-up do show severe depletion of Li and reduction in the 12C/13C ratios (Gilroy & Brown 1991) compared to standard models of 1st dredge-up on RGB Iben (1967) . For example, severe depletion of Li starting from the bump has been well illustrated for giants in globular cluster NGC 6397 by Lind et al. (2009) . These anomalies were explained by extra mixing at the luminosity bump at which the barrier for the deep mixing is erased (see for example Eggleton et al. 2008) . Ironically, bump has also been suggested as a source of Li enhancement (Palacios et al. 2001; Charbonnel 2005; Denissenkov et al. 2009 ) as many early observations showed Li-rich giants coinciding with the bump in the HR-diagram (Charbonnel & Balachandran 2000) . It would be a challenging task for explaining Li enhancement at the same phase where severe Li depletion is known to occur. Even if we assume bump as the origin for Li excess, it is unlikely Li can survive through deep convection phase from bump to the clump, and importantly, sustaining high levels of Li abundances seen in many of the super Li-rich giants. Given the Li-rich phase of RGB is a transient phenomenon lasting for a short period of about 6M years (Palacios et al. 2001 ) compared to, for example, 50-100M years (see also Deepak & Reddy (2019) ) long evolutionary period from the bump to the RGB tip, it is very unlikely the high Li abundances seen in these red clump stars originated at the luminosity bump.
6. CONCLUSION In this study we addressed one of the long standing problems of precisely determining stellar evolutionary phase of Li-rich giants. Results are based on a large unbiased sample of 12,500 low mass RGB giants common among Kepler photometric and LAMOST spectroscopic surveys. We found 24 new Li-rich giants with Li abundance of A(Li) ≥ 3.0 dex, more than an order of magnitude larger compared to the maximum predicted abundance of A(Li) = 1.80 dex. Importantly, the derived asteroseismic parameters; ∆ν and ∆p show all the Lirich giants are in He-core burning phase, and are at red clump region. This is the most unambiguous evidence so far suggesting that the Li enhancement phenomenon is probably associated only with He-core burning phase rather that on RGB with inert He-core. He-flash at the tip, an immediate preceding event to red clump, may be explored for Li excess in red clump giants.
